Measurements taken by the Gravity Recovery And Climate Experiment (GRACE) satellites 14 
Introduction 25
The 2011 Midwest floods enveloped much of the Missouri and Souris River basins, 26 causing over $2 billion dollars of damages. Thousands of acres of farmland were submerged 27 displacing roughly 11,000 people. The human toll of the floods also included 5 fatalities. 28
According to the U.S. Army Corps of Engineers, during May and June 2011 eastern Montana, 29 the western Dakotas, and northern Wyoming experienced particularly heavy rainfall totals. 30
Moreover, in the back-to-back months prior to the flooding, there was receipt of almost a year's 31 annual runoff in the Missouri River Basin (MRB). Adding to this problem were cooler 32 temperatures throughout the basin, which slowed the melting of the already record-high 33 snowpack levels; this meant that much of the snowpack moisture overlapped with the 34 precipitation and so, did not allow for either to flow out of the system prior to the inflows of the 35 other. Although prior circumstances as early as February 2011 implied a high probability of such 36 a spring flood, the magnitude of the flood potential was less certain. According to the National 37
Weather Service (NWS) Assessment (2012), the scale of the event was not fully grasped until 38 heavy rainstorms were realized over and upstream of the MRB. 39
In hindsight, the water storage anomaly in the MRB measured by the Gravity Recovery Given the aforementioned discoveries, we analyzed the major sub-components of LWE, 46
i.e. soil moisture, streamflow and groundwater storage, in order to identify their roles in the 47 MRB flooding event. A diagnostic analysis was then conducted to determine what climate 48
Results 73 a. Hydrologic Processes 74
As is shown in Figure 2a , soil moisture and streamflow in the MRB reveal marked 75 oscillations alternating at a quasi-decadal frequency. Soil moisture and streamflow both show a 76 prominent peak in the late 90's and a steep drop-off heading into the early 2000's. A disparity 77 between the two becomes noticeable around 2002, where soil moisture shows a steady increase 78 and streamflow shows a persistent decline until around 2009. Figure 2b shows the tendency of 79 the groundwater level (i.e. current year minus the previous year) for the depiction of recharge 80 and discharge; this also indicates a robust variability at the decadal timescale, and corresponds 81 more strongly with soil moisture than streamflow. 82
The hydrologic forcing was depicted by the monthly precipitation (ref., Figure 2c in-between the extreme warm and cold (Wang et al. 2011 (Wang et al. , 2012 . We used the SST anomalies 99 averaged in the Niño-4 region during the July-to-June annual time period to represent the Pacific 100 QDO, hereafter referred to as "Niño-4". 101
The transition phases of the Pacific QDO can be depicted by the rate of change (or 102 tendency) of Niño-4; the tendency was smoothed by a 1-2-1 moving average and is plotted in 103 
c. Teleconnection Processes 120
To depict the Pacific QDO's teleconnection pattern, the annual-mean 850-hPa 121 streamfunction (which represents the trajectories of non-divergent low-level flow) and SST 122 anomalies were regressed upon Niño-4 for the period of 1948-2012. All variables were subjected 123 to a 1-2-1 (year) smoothing prior to the regression, so as to better depict decadal variability 124 (note: the degree of freedom for significance test was thus reduced according to Bretherton et al. 125 1999) . Linear regression function (X = a + bY) was applied respectively for SST and 126 Figures 1 and 2) . In fact, flooding is more 186 likely to reflect runoff generation due to increased soil moisture rather than groundwater 187 baseflow. In this capacity, GRACE data that summarize both soil moisture and groundwater 188 provide a useful tool to assess and monitor the effective storage capacity in anticipation of major 189 flood events. (e) Wavelet spectral coherence (shading) and phase difference (vectors) between the monthly precipitation and NINO4 -only the significant spectra (95%; outlined by white contours) are overlaid with phase vectors. A 90° (270°) phase difference means that NINO4 leads (lags) precipitation by a quarter-phase, i.e. 3 years at the 12-year frequency.
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